To determine the case fatality rate and risk factors for death in children with invasive meningococcal infection, 163 children admitted with meningococcal disease to the Instituto Materno Infantil de Pernambuco, a tertiary paediatric teaching hospital in Recife, Brazil, were included in this retrospective cohort study. Cases were categorised as meningitis, septicaemia and septicaemia with meningitis. Fortysix (28.2 per cent) children had meningitis alone, 88 (54 per cent) septicaemia and meningitis and 29 (17.8 per cent) only septicaemia. Four of the patients with meningitis died (8.7 per cent), compared to 31 out of the 88 (35.2 per cent) with septicaemia and meningitis and 18 of the 29 (62.1 per cent) with septicaemia alone ( p_0.001). Symptoms _24 h (AOR 3.8, 95 per cent CI 1.1-13.1), platelet count _100 000 mm 3 (AOR 13.8, 95 per cent CI 3.1-60.9) and acidosis (AOR 6.0, 95 per cent CI 1.7-21) were the significant risk factors for death. Invasive meningococcal infection has a high case-fatality rate in this tertiary centre in Recife, especially in the septic forms. The identification of risk factors for death could contribute to the early recognition of patients with higher risk on admission in a middle-income country population.
Introduction
Meningococcal disease is an important public health problem in both developing and developed countries. Morbidity and mortality remains high in many developed countries. [1] [2] [3] [4] [5] Although a trend towards reduction in mortality in two UK centres has been attributed to improvements in early recognition, appropriate initial management, advances in intensive care and specialised transport of critically ill children, 6, 7 in resource poor areas, such as subSaharan Africa and middle income countries, this high mortality is associated with the availability of human and financial resources. 8 Meningococcal disease often presents as meningitis, septicaemia or a combination of septicaemia with meningitis [1] [2] [3] [4] [9] [10] [11] and studies from developed countries have described the factors that increase the risk of death 2, 3, [12] [13] [14] [15] [16] [17] . Age 51 year, 15, 18, 19 not receiving antibiotics before referral, 1, 3, 11, 20 the presence of coma 18, 12, 15 or laboratory markers such as low cell count in cerebrospinal fluid (CSF) or decreased platelet or white blood cell (WBC) count are often used as prognostic factors. 1, 13, 15, 21 Fewer attempts to identify risk factors for death have been made for Africa or Latin America, which have different meningococcal epidemiology and resources. [1] [2] [3] [4] [5] 8, 19 This study describes the clinical presentation and outcome of children with meningococcal disease admitted to the Instituto Materno Infantil de Pernambuco (IMIP), northeast Brazil and examines the factors associated with death.
Methods
This is a retrospective study of all consecutive children 514 years of age admitted to IMIP, between January 1996 and December 1999. IMIP is a 520-bedded tertiary teaching hospital specialised in maternal and child health. Its paediatric emergency department receives both self-referred and referred patients sent by local and regional hospitals and health centres. IMIP has the only paediatric intensive care unit (ICU) to treat children with meningococcal disease in Recife, northeast Brazil (population 1.4 million), although its catchment area extends beyond the city's boundaries.
Infections were classified as 'Confirmed' if Neisseria meningitidis was cultured from a normally sterile site and 'Probable' if the child was ill with fever, had disseminated haemorrhagic cutaneous lesions in two or more non-contiguous sites in the first 6 h after admission or presented with symptoms of meningitis up to one month after intra-domiciliary contact with a confirmed case. Children whose cultures yielded other bacteria and those with localized infections (such as septic arthritis) were excluded.
Meningococcal septicaemia was defined as meningococcal infection with petechial rash but without meningeal signs or laboratory evidence of CSF infection. Meningococcal meningitis was defined as the identification of N. meningitidis in CSF by latex, gram staining or culture or patients with a history of contact with a culture-confirmed index case and clinical or laboratory evidence of meningeal infection. Septicaemia with meningitis was defined as cases with petechial rash and positive CSF culture or cell count 410 WBC/mm 3 or clinical signs of meningitis in the absence of CSF investigations due to medical contraindications.
Information was obtained from the clinical records and included age, nutritional status (weight for height), antibiotic use, time since onset of symptoms, medical care before admission, time of onset of petechial rash, presence of coma, presence of uncompensated shock in the first 6 h, WBC count in CSF and blood, platelet count, metabolic acidosis (base excess 5À8 or carbon dioxide 515 mEq/l) and potassium level. Laboratory tests were requested following clinical decisions. The presence of coma on admission was assessed with the modified Glasgow Coma Scale. 22 The association between the characteristics on admission and outcome was established by calculating relative risks and -square or Fisher's exact test as appropriate. Variables with a p value 50.20 at the univariate analysis were entered into a logistic regression to obtain adjusted odds ratios (AOR).
Results
A total of 163 children were studied. Their age ranged from one month to 13.2 years, with a mean of 5.3 (sd ¼ 3.1) years as shown in Table 1 . Forty six (28 per cent) children presented with meningitis, 88 (54 per cent) had septicaemia with meningitis and 29 (18 per cent) septicaemia alone. One hundred and two (63 per cent) cases were confirmed by culture and most of these (89 per cent) had group B N. meningitidis. The case-fatality rate was 32.5 per cent and was strongly associated with the clinical presentation: four out of the 46 (9 per cent) patients with meningitis died, compared to 31 out of the 88 (35 per cent) with septicaemia and meningitis and 18 of the 29 (62 per cent) children with septicaemia alone ( square for trend, p 5 0.01) as shown in Table 2 .
Seventy of the 163 children (44 per cent) came from outside the metropolitan area. Although 106 (67 per cent) patients were referred or had sought medical attention, only 23 (15 per cent) had received antibiotics on admission and 48 (29 per cent) had attended the hospital within the first 24 h of disease onset (range 6-168, median of 37 h). This delay occurred despite 81 of the 107 (76 per cent) patients with septicaemia noticing petechiae or haemorrhages within 12 h of disease onset. Sixty-two (55 per cent) septic children presented with or developed uncompensated shock within the first 6 h after admission and 12 presented with coma. Thirteen children (8 per cent) had weight for age 52 sd.
The laboratory results are shown in Table 1 uncompensated shock in children with septicaemia or septicaemia with meningitis increased the risk of death. Sex, the presence of petechiae 512 h duration or not receiving antibiotics before admission were not statistically significant (see Table 2 ). When all septic forms were analysed together, age 51 year, symptoms 524 h duration, coma and uncompensated shock increased the risk of death at the univariate level as shown in Table 3 . Similarly, CSF WBC 10 cells/mm 3 , metabolic acidosis, platelet count 5100 000 mm 3 and WBC 510 000 mm 3 were laboratory markers associated with increased risk. However, the presence of petechiae and blood and CSF WBC count became not statistically significant when entered into the multivariable analysis as shown in Table 3 . When the variables were not analysed in blocks, the only variables remaining significant were symptoms 524 h (AOR 3.8, 1.1-13.1), platelet count 5100 000 mm 3 (AOR 13.8, 3.1-60.9) and acidosis (AOR 6.0, 1.7-21.1).
Discussion
The mortality of meningococcal infection varies with the clinical presentation, age and quality of care. 15, 19 Our patients follow the clinical presentation and mortality patterns described in European countries and patients with septicaemia without meningitis had worse prognosis than children with meningitis. 3, 14, 16, 17, 19, 23 Since our study was based at a referral hospital, thus selecting the more severely ill cases, together with the late recognition and management of the disease by parents and practitioners, this may have resulted in the high mortality observed.
In agreement with previous reports, age 51 year, coma and uncompensated shock were associated with poor outcome. 1, 12, 15, 18, 19, 23 Uncompensated shock was mostly associated with the late clinical stages of the disease and often preceded death. This could explain why some authors have reported that children with shock have an increased risk of dying, whereas others do not describe shock as a predicting factor. 3, 15 Similar to previous studies, children with 510 cells/ mm 3 in CSF, low platelets, WBC 510 000 mm 3 and acidosis had a higher risk. 1, 8, 12, 24 The increase in base excess reflects the metabolic and acid-base disturbances; the low platelet count results from disseminated intravascular coagulation and the low WBC count reflects poor immunological responses to infection. 13, 15 Nutritional status was associated with death in septic children. Although malnutrition could be a risk factor for severe disease, the small number of children in our series does not allow for further interpretation. Few studies have explored this relationship and the interaction of malnutrition with meningitis merits further study. In our study, the presence of symptoms for 524 h, low platelet counts and metabolic acidosis were independent risk factors for death. Kornelisse, et al. 17 found that an increased base excess or potassium and low platelets or serum C reactive protein increased the risk of death, whereas Flaegstad, et al. 23 identified peripheral vasoconstriction, base excess 5À10 mmol/l or pH 57.35 and cyanosis, and Lodder, et al. 15 identified low WBC and platelet counts as the most important factors. In addition, Gedde-Dahl, et al. 13 found that the type and degree of haemorrhagic lesions was a better predictor of severity than the time since the onset of petechiae. None of these studies, however, have described an association between duration of symptoms 524 h and death.
We did not find a significant association between antibiotic use before admission or being attended by a doctor and death. Although there are no randomised trials on the benefit of pre-admission antibiotics in the literature, most observational studies suggest a trend towards benefit with antibiotics 25 and general practitioners should be encouraged to use them.
The use of a 2-block multivariable approach to describe risk factors for death allowed the identification of clinical markers on admission and simple laboratory tests relevant to clinical decision-making. In addition to established prognostic scores, these factors could be used for improved case-management of patients requiring critical care in middle-income countries.
This retrospective study and other larger series could be used as a basis for a prospective assessment of the performance of prognostic scores from industrialised countries in locations with limited resources and different epidemiological situations. Given the complex interaction between the factors, its prospective evaluation should include other potential confounding variables such as nutritional status, socio-economic condition, quality of management, referral and transport of ill children. 
